Introduction
The gene p8/Com1/NUPR1 was first identified from a rat pancreatic cDNA library, and is rapidly but also transiently upregulated in pancreatic acinar cells during the acute phase of pancreatitis [1] . Homologs of the p8 gene have subsequently been cloned and sequenced in both humans and mice [2, 3] . This gene is conserved in mammals such as mice and cattle [1, 2, 4] , but also in a wide variety of other organisms including brine shrimp [5] , fruit flies [6] , sea urchins [7] , amphioxus [8] , frogs [9] , Atlantic salmon [10] and zebrafish [11] . Human p8 (Hp8) encodes an 82 amino acid polypeptide, which contains a basic helix-loop-helix (bHLH) motif and a canonical bipartite nuclear-targeting signal (NLS) which promotes nuclear targeting. For Hp8, alternative splicing produces isoform a, which contains 18 additional amino acids, and the shorter isoform b [12] .
The p8 protein is involved in many physiological and pathological processes, and shares many features of the transcription factor HMG-I/Y protein despite a lack of significant sequence homology [13, 14] . Studies of the mouse p8 promoter region have identified putative transfactor binding sites [3] . In addition, p8 binding to DNA was strongly enhanced after phosphorylation by PKA on serine/threonine residues [14] . The p8 protein is also structurally similar to a candidate of metastasis-1 (Com1) protein in human breast cancer [15] . Recent studies have shown that p8 mRNA is strongly induced in response to stress, such as high dextrose concentrations [16] , carbon tetrachloride (CCl 4 ) [17] , lipopolysaccharide (LPS) [18] , endothelin (ET) [19] , as well as minor stress induced from routine changes of the culture medium [20] . Moreover, activation of p8 is not restricted to the pancreatic cells, but can also occur in the liver, kidney, brain, and intestine [18] . As a result, p8 may regulate many cellular functions such as cell growth promotion [1, 2] or inhibition [21, 22] and promotion of cell apoptosis [21] , tumor development and progression [15, [23] [24] [25] , animal embryo development [1, 26] and cell defense [27] . However, the role of p8 in each of these processes may depend on the cell type and/or growth conditions [21] .
Previously we have shown that amphioxus p8 transcripts were up-regulated significantly on LPS and during starvation challenge trials [8] , suggesting that it is a stress-related gene. Further experiments also demonstrated that zebrafish p8 respond to a wider range of cellular stresses such as temperature, osmotic pressure and pH [11] . Recently, two p8-Like genes in zebrafish, named p8-L1 (p8-Like1) and p8-L2 (p8-Like2), were added to Genbank. We are interested in exploring whether these two genes have similar structural characteristics and biological functions as p8. Specifically, we analyzed the primary structure, tissue distribution and developmental regulation of p8-L1 and p8-L2 genes in the zebrafish. We then looked at the response of p8-L1 and p8-L2 to two stresses: 1) osmotic pressure change and 2) pH. This information is crucial in order to better understand the functions of p8-L1 and p8-L2 in zebrafish.
Experimental Procedures

Searching for p8-L1 and p8-L2 cDNA in zebrafish
Using the zebrafish p8 gene (GenBank accession number BC122137) as an information probe, p8-L1 and p8-L2 cDNA of zebrafish were searched using the Blastn program in NCBI (http://www.ncbi.nlm.nih.gov).
Bioinformatic analysis of p8, p8-L1
and p8-L2 genes p8, p8-L1 and p8-L2 protein sequences were aligned with the MegAlign program using the Clustal W method in DNAStar [28] . Conserved domains were analysed by NCBI Proteins Conserved Domain Search service (CD Search). The NCBI Splign was applied to compare the p8-L1 and p8-L2 genomes.
Sample collection
All zebrafish experiments in this paper conformed to the ethical guidelines established by the Institutional Animal 
Zebrafish tissues
Tissues from adult zebrafish (gill, brain, intestine, backbone, liver, muscle) were excised from three randomly-selected fish. Sterile scissors were used to dissect fish to get the organs including gills, muscle, intestine, liver and brain. For backbone, we first dissected the fish from the anus to chin tip with sterile scissors, then lopped the head, quickly excised the closely-binding muscle and separated the backbone lightly by using sterile forceps. Finally, all the separated tissues were ground immediately in RNAiso Plus (TaKaRa, Japan) and stored at -80ºC until RNA extraction.
Zebrafish embryos
Adult zebrafish were kept in aquaria for one week. Strong female and male zebrafish (quantity ratio 2:1) were placed in the afternoon in a breeding tank containing a partition. The fish were left undisturbed overnight and the next morning the partition was removed within half an hour after the onset of light.
As soon as embryos were present, all embryos were pooled from the breeding tanks. Afterwards, harvested embryos were placed in Holtfreter freshwater (MgSO 4 ·7H 2 O 0.163 g/l, KCl 0.03 g/l, NaCl 1 g/l, CaCl 2 0.04 g/l) and incubated in a temperature-humidity incubator (CIMO, HPX-300BSH-III, Shanghai, China). When the desired developmental stages including cleavage, blastula, gastrula, segmentation, pharygula and hatching stages were reached, 10-20 embryos were collected and gently washed with sterile deionized water. Tissues were collected following the same procedure as for adult fish (See section 2.3.1).
Osmotic pressure and pH challenges
Before beginning the experiment, 24 zebrafish were allowed to acclimatize to aquarium conditions for 7 days. During the acclimation period, fish were fed twice daily (8:00 a.m. and 6:00 p.m.) with a commercial fish food (crude protein>49.0%, crude fat>5.0%, crude fiber<3.0%, crude ash<12.0%, moisture<10.0%) until satiation.
For the osmotic pressure challenge, 12 zebrafish were divided equally into three separate treatments (n=4 per treatment). The salinity of each treatment was manipulated by adding a fixed amount of salt to the water: 0 (control), 0.25 (low salinity) and 0.5 (high salinity) g of NaCl per liter of water. Fish were left in each treatment for 12 h.
For the pH challenge, another 12 zebrafish were divided equally into three treatments (n=4 per treatment) with water at different pH concentrations: 6.40 (acidic) 7.00 (neutral control) and 10.00 (basic). Fish were placed in each treatment for 6 h.
Fish from both challenge experiments were euthanized and the backbone dissected out as previously described in section 2.3.1.
RNA extraction
Total RNA of each tested Zebrafish was extracted with RNAiso Plus and digested by RQ1 RNase-free DNase (Promega) to eliminate any genomic contamination.
Quantitative real-time PCR
cDNAs were synthesized directly from extracted RNA using Random primer (Promega) with a reverse transcription system (2.5 µM Random primer, 60 ng total RNAs, 0.5 mM dNTPs, 5x RT Buffer 2 µl, 12.5 U ribonuclease inhibitor, 12 U EasyScript RT Rnase H-M-MLV). Reaction conditions were 30ºC for 10 min, then 42ºC for 50 min, and followed by 70ºC for 10 min. The cDNAs were amplified with sense and antisense primers ( Table 1) , which are specific for zebrafish p8-L1, p8-L2 and β-actin genes. Real-time PCR reactions were performed using an ABI 7500 real-time PCR system (Applied Biosystems). SYBR-Premix ExTaq (TaKaRa) was used with a primer concentration of 200 nM. Reaction conditions were 95ºC for 10 s, followed by 40 cycles of 95ºC for 5 s, 60ºC for 20 s, and 72ºC for 34 s. Triplicate reactions of each sample were performed. Relative gene expression levels were quantified using the comparative C t method (2 -∆∆Ct method) based on C T values for p8-L1 or p8-L2 and β-actin [29] . All values are given as means and standard deviations (mean±SD). One-way analysis of variance (ANOVA) followed by a Dunnett's two-tailed post-hoc test was used to determine differences among the three concentrations treated by pH or salinity. (Figure 1a) , suggesting that they all belong to a Phospho_p8 superfamily. NCBI Splign analysis revealed that both p8-L1 and p8-L2 are on chromosome 5, whereas p8 is on chromosome 3 ( Figure 1b) . The p8-L1 genome was comprised of 3 exons (291 bp, 208 bp and 147 bp, respectively) and 2 introns, but the p8-L2 genome contains only 1 exon (813 bp) (Figure 1b) . This finding confirmed that p8-L1 and p8-L2 cDNAs are derived from two different genes in spite of transcribing the same ORF. At the amino acid level, p8-L1 and p8-L2 had 100% identity with each other as expected, suggesting p8-L1 and p8-L2 encode the same protein while they showed 45.3% similarity with p8 (Figure 1c, d ).
Results
Identification of p8-L1
Tissue distribution of p8-L1 and p8-L2 mRNA
The distribution of zebrafish p8-L1 and p8-L2 mRNA in adult tissues was detected by real-time PCR. The p8-L1 mRNA was detected in all tested tissues, with the highest amount found in the intestine and muscle, an intermediate amount in the brain and liver, and only small amounts in the backbone (Figure 2 ). This distribution is an obvious difference from that of p8 [11] . However, the p8-L2 distribution was similar to that of p8 [11] , with the highest amount found in the backbone (about 12 fold greater concentrations relative to other tissues), and the lowest amount in intestine, contrary to that of p8-L1 (Figure 2) . Notably, the amount of p8-L1, highest in muscle and intestine tissues, was still relatively low in comparison to the amount of p8-L2 found in the zebrafish backbone (Figure 2 ).
Developmental regulation of p8-L1 and p8-L2 mRNA
The amount of zebrafish p8-L1 and p8-L2 mRNA present at different developmental stages was analyzed by real-time PCR. The expression of p8-L1 and p8-L2 mRNA varied from cleavage stage to hatching stage. The p8-L1 and p8-L2 mRNA was abundant at the cleavage stage and declined gradually from the blastula to the pharyngula stage ( Figure 3) . However, p8-L1 mRNA was twice as abundant at the hatching stage as the pharyngula stage, (Figure 3) , whereas p8-L2 mRNA was slightly less abundant at hatching relative to the pharyngula stage (Figure 3 ).
Response of p8-L1 and p8-L2 to stress
Osmotic pressure challenge
When the osmotic pressure experienced by the zebrafish was increased by adjusting the water salinity, the p8-L1 mRNA also increased in abundance: there was a 16-fold increase in mRNA in the high salinity treatment (0.5 g/l NaCl) relative to the control (Figure 4) . On the other hand, there was no evidence for upregulation of p8-L2 in the low salinity (0.25 g/l NaCl) treatment, the up-regulation p8-L2 was displayed at 0.5 g/l NaCl significantly (1.4 fold relative to control, Figure 4 ). 
pH challenge
Low water pH values (pH 6.40) were found to induce significant up-regulation of p8-L1 relative to the control (pH 7.00; Figure 5 ). On the other hand, p8-L2 was more sensitive to high pH values (pH 10.00) relative to the normal pH 7.00 ( Figure 5 ).
Discussion
Two zebrafish p8-like genes (p8-L1 and p8-L2) were identified in this study. The zebrafish p8-L1 and p8-L2 genes share the phospho_p8 domain with zebrafish p8, hence, we postulated that p8-L1 and p8-L2 might share similar biological functions with p8. The tissue distributions and developmental regulation of p8-L1 and p8-L2 were detected using real-time PCR. It revealed that p8-L1 and p8-L2 mRNAs were widely present in the same tissues as p8 [11] . Interestingly, p8-L1 was highly abundant in the intestine and muscle tissues, but scarce in the backbone, whereas p8-L2 and p8 were in the highest amounts in the backbone [11] . Moreover, the high amounts of p8-L1 in the intestine and muscle were still relatively low compared to p8-L2 in the backbone. It is likely that these genes play different roles in each tissue, and that p8-L2 is more crucial in the backbone than p8-L1. During embryogenesis, zebrafish p8-L1 and p8-L2 mRNAs were both high in the cleavage stage. During development, the p8-L1 and p8-L2 mRNAs decreased significantly at blastula and gastrula stages. Maternal p8-L1 and p8-L2 transcripts were likely present at the cleavage and blastula stages, since zygotic transcripts are not produced before the gastrula stage. The p8-L1 and p8-L2 mRNA began increasing in abundance again during the segmentation stage.
At the hatching stage, the amount of p8-L1 mRNA was higher than at the pharyngula stage, while the amount of p8-L2 mRNA was slightly less than the pharyngula stage. Together, these results indicate that zebrafish p8-L1 and p8-L2 along with p8 play important roles during embryogenesis. However, given that p8-L1 and p8-L2 decline to relatively low levels compared to p8 during certain developmental stages, p8 may play a more critical role in embryogenesis than either p8-L1 or p8-L2. Similar results have also bee reported in sea urchin and mice [1, 7, 26, [30] [31] [32] . Further studies, such as loss-of-function or dominant-negative approaches, are needed further clarify the roles of these genes in zebrafish embryo development. Previous studies have shown that zebrafish p8 was strongly induced in response to stresses such as starvation, temperature, osmotic pressure and pH value challenges [11] . As expected, we observed that zebrafish p8-L1 and p8-L2 mRNAs were also up-regulated actively with exposure to osmotic pressure and water pH stress, suggesting that the p8-L1 and p8-L2 also act as stress-related genes and have similar roles in stress tolerance as p8. More studies are needed to ascertain whether p8-L1 or p8-L2 are involved in responses to other stresses (e.g. temperature and starvation). Our study also found that the up-regulation of p8-L1 in response to higher salinity greatly exceeded that of p8 and p8-L2, whereas the up-regulation of p8 in lower pH was more pronounced than that of p8-L1 and p8-L2. As a result, we suggest that p8, p8-L1 and p8-L2 as transcription cofactors target different genes and engage in the corresponding signaling pathways to help the zebrafish confront diverse environmental challenges. However, it should noted that only mRNA was examined in this study, and the presence of mRNA does not necessarily mean that active protein is present nor is the amount of mRNA necessarily directly proportional to the amount of protein. For the moment, we can assume that the up-regulation of p8-L1 and p8-L2 mRNAs are a part of a ubiquitous defense system which helps tissues resist cellular stress or guard against cellular injury, as previously described for p8 in rats [3] . Yet, the molecular mechanisms responsible for this stress response remains to be explored.
In summary, two p8-like cDNAs in zebrafish, p8-L1 and p8-L2, were studied. Zebrafish p8-L1 and p8-L2 both contain a Phospho_p8 domain and belong to the Phospho_p8 family together with p8. The zebrafish p8-L1 and p8-L2 mRNA levels varied greatly among the adult tissues studied. The p8-L1 was found in the highest amount in the intestine and muscle tissues, and lowest in the backbone, whereas p8-L2 was highest in the backbone similar to p8. During embryogenesis, zebrafish p8-L1 and p8-L2 were both abundant at the cleavage stage, and then decreased in abundance from the blastula to the pharyngula stages. The p8-L1 then increased during the hatching stage whereas the p8-L2 mRNA remained at low abundance. In addition, we provide evidence that zebrafish p8-L1 and p8-L2 are also up-regulated in response to the cellular stresses of increased osmotic pressure and changes in pH, suggesting similarity in the role of p8-like genes and p8 gene in stress regulation.
